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IN'VTESTIGATION OF THE NACA 4—(1)(06)-057-45A AND
NACA L~(L) (06)—057-4513 TWO—BIADE SWEPT PBOPELIERS AT
FORWARD MACH NUMBERS TO 0.925

By James B. Delanoc and Danlel E. Harrison
SUMMARY

‘Investigations of.the NACA h—(4)(06)-057-45A snd NACA h~—{})(06)-057-45B
two—blade swept propellers have been made 1n the Langley 8—Ffoot high-speed
tunnel at blade angles of 25°, 55°, 60°, 65°, and 70°. The maximm forward
Mach number reached in these investigations was 0.925. '

]

Comparison of results for the swept propellers with those previously
reported for the NACA L—(4)(06)-0OL two~blade straight propeller showed that
the use of large emounts of sweep provided only moderate delays 1ln the
onset of adverse compressiblility effects and that the measured delay was
only 25 percent of that predicted by the use of simple infinite—span sweep
theory. The awept propellers were 10 percent more efficient than the
straight propeller at a forward Mach num'ber of 0.85 for the design blade

angle of 60°.

INTRODUCTTION

‘The NACA 1s conducting 2 general investigation to study the effects .
of compressibility, design cember, blade sweep, thickness ratio, and dual
rotation on propeller performesnce at transonic speeds. Results of the

-first two phages of thie investigation dealing with the effects of com—

pressibility and design camber were presented in references 1 and 2. The
first part of the investigation desling with the effects of blade sweep
was presented in reference 3 for ithe propeller with straight blades. This
propeller has the same basgic blade characteristics as the swept propellers
to permit evaluatlion of the effects of large smounts of blade sweep on
propeller performance.
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Investigations of model swept propellers, references L4 and 5, have
gshown beneflclel effects of sweep from tests abt very low advance ratio
end high tip speed. Flight investigations, reference 6, end wind~tunnel
investigetions, reference T, of the same full—scale - -swept and unswept
propellers, have shown no slgnificant differences 1n the performence of
swept and unswept propellers. The small differences between the effi—
ciencles of the swept and unswept propellers masy be due to the smell
smounts of sweep employed in the outbhoard sectlons (15° at the 0. 7=radiug
station end increasing graduslly to 45° et the ti1p). In addition, the
test results, reference 7, indicate that the tip Mach numbers msy not «
have been sufficiently high to encompass the speeds for which sweepback
may have been beneficial. A prelimlnary investigatiom, reference &, to
determine the effect on propeller performance produnced by sweeping back
only the tip mections produced encouraging results. The onset of adverse
compressibllity effects wag delayed approximately 0.l12 in tip Mach
number and the maximum efflciency was increased sbout 2 percent at super—
critical tip Mech numbers compared to the results for a similer unswept
propellier. . '

On the basis of the results of reference 8 it was believed that
larger delsys In the onset of adverse compressibility effects end high
efficlencies at supercritical gpeeds could be obtained by employlng large
emounts of sweep all along the propeller bledes. Consequentiy, two
propellers were designed having the maximum amount of blade sweep per—
mitted by consideratlon of hlade stresses slone. An Investigetion of
these swept opellers was made up to a forward Mach number of 0.925 in
the Langley oot hlgh—apeed bunnel.

Force—~test data and a limlted analysis of the results of the investi—
gation of two WACA swept propellers are presented at this time to expedite
publicatlon of thls Information. ILarge—scale plots of the basic propeller
characteristics, figures 6 and T, are avallable on request to the NACA.

SYMBOLS
b blade wildth, feet
czd blade—sectlon deaign 1ift coefflclent
(}P - power coefficlent <P /pn3D5)
CT thrust coefficlent (T /pneDl‘)

Cazgingmmc= =
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propeller diemeter, fTeeb

blade—-wldth ratio

meximm thickness of blade sectlon, feet
blade thickness ratio

advence ratio (V / nD)

tunnel—detum (forwerd) Mach number (tunnel Mach num'ber
uncorrected for tummel-well constraint)

helical~tip Mach number |M\ ’1 + ";-—2-
thearetical section critical Mach number

propeller rotabional speed, ‘revolu:bion-s per second.
power, foobt—pounds per second

dynemic pressure, pound.s per sguare foot, (pVE/ 2)
propeller 'bip radlus, feet

blade—section radlus, fee‘b

thrust, pounds '

thrust disk—loadlng coefficlent (T /2qD2)

‘tunnel—debtum velocity ('bu.nnel veloclty uncorreckted for tbummel—

wall constraint), feet per second

equivalent free—alir velocity (tumnel—datum velocity corrected

for tumel~wall constraint), feet per second
blade~section station (r/R)
section blade angle, degrees

sectlion blade angle at O.7=tlp radlus, degrees
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Cep
| - efficiency o
- P
n maximum efficiency
A sectlion sweep angle, degrees (the angle formed by the inber—

gection of the sectlon radius, which ls perpendicular to
the chord line of the sectlon at its midpoint, wlth a line
passing through the locus of mldpoints of the chord ilnes
of the sections. The angle 1s messured in the plane
defined by the section radlus and the sectlon chord line
for the design condition, see fig. L.)

P elir densitj, slugs per cublc foot
APPARATUS AND METHODS

The apperatus and methods descrlbed in reference 1 wore used in
this investlgation which was conducted in the Laengley 8—Ffoot high—gpeed
tunnel. A sketch of the 800-horsepower dynemometer installed in the
tunnel 1s shown in fligure 1.

Propellers.— Three two—blade propellers 4 feet in diameter were

used in thils investigation. Fhotographs of the blades are shown in
figure 2 and the blade—form curves are glven in figure 3. All blades
were designed having the same blade loading to produce minilmum Induced
energy losses (profile drag assumed equal to zero) at a blade angle of 60°
at the O.7T—rsgdius station end at an advance ratlioc of 3.65. One propeller
has stralght blades and 1s the NACA L—{4)(06)-O4 propeller (the results
of thils investigation are presented in reference 3). Two propellers have
gwept blades employing lar amounts of sweepforward and sweepback and
are deslignated the NACA u—?lep)(o6)—057-l+5A and NACA 4—(L)}(06)-057-45B pro—
pellers. The last group of letters was added to the conventional pro—
eller deslgnation used for stralght blades to show the emount of sweep
%50 of sweepback) &t the O.7-radius station. The swept blades differ
_only in pitch distribution, and the letters A and B are used to ldentlify
- each blade. The pltch for swept blade B is washed oubt approximately 2°
at the root end tip sections (the pitch for blade B is 1° lower at the
root snd tilp sections and 10 higher at the "knee" sections than for the
corresponding sections for swept blade A}, All propellers have the same
distribution of NACA l6-series sections aslong the blede. The sectlon
blade widbths of the swept blades are larger then those of the stralght
blade by a factor spproximetely equal to the reclprocel of the cosine
of the sectlon sweep angle. Thig was done to obtain the seme thrust
loading as for the stralght blade.
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Figure 4 illustrates the orientation of the blade sections with the
sectlon veloclty vectors and the weay in which the sweep angle ls measured.
~The blede sectlon at radius r 1s installed at right angles to the radlus
passing through the chord midpolnt so thet, neglecting induced effects,
the section is 1n line with the relatlve resultant section velocity. The
plane of the blade section coincides with the plane formed by the veloclty
vectors. The local sweep angle ls measured 1n the plane formed by the
chord ‘end the radius passing through the chord mldpolnt. It 1s the angle
formed by the radius through the chord mldpolnt and the proJection of the
locus of the chord midpoints on the pleme formed by the chord end radius
through the chord midpolnt.

- TESTS

Thrust, torgque, and rotatlonal speed were measured through & range
of blade angle, advance ratlio, and forward Mach mumber. For each tunnel
Mech number the propeller was run &bt a consbant blade angle (messured
at the O.7-radius station) and the rotationel speed was varied. The range
of blade engles covered for each forward Mach number is glven in the
following tables for the swept propellers only: -

NACA L4—(L)(06)—04-hi5A propeller blade angle &t O.7—radlus
gtation BO R (deg) at forward Mach mmber M —

0.23 | 0.53 | 0.60 | 0,65 | 0.70 | 0.75 | 0.80 | 0.85 | 0.90 | 0.925
25

25 25 22 55 55

60 60 60 { 60 60 60 60
65 65 65 65 65 65 65 65
70 TO T0

NACA h—(L) (06)-Oh-U5B propeller blede angle at 0.7-radius
station BO.7R (deg) at forward Mach number M —

0.53 | 0.60 | 0.65 | 0.70 | 0.75 | 0.80 | 0.85 | 0.90 | 0.925

25 | 25 22 25
60 1 60 60 60 60 60

65 65 65 65 65 65 65 65 65

T e—————————e .
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REDUCTION OF DATA

Propeller thrust.— Propeller thrust as used hetreln 1s defined as

the shaft tenslon produced by the spimmer—to-~tip portion of the blades.
The method used ln determining thrust teres and in evaluating the pro—
peller thrust is described In detell 1n reference 1.

Propeller torgue.— Torgue tare corrections were found to be small
and dependent only on rotational speed. Spimmer—tare correctlons were
made to the indicated torque readings (meximum correction of 1.2 foot—
pounds at 6000 rpm).

Effect of dlameter.— The diameter of the swept propellers decreased
as the blade angle was lncreased because of the lerge smount of sweep
incorporated in the blades. The naminal diasmeter is 4 feet at the design
blede angle of 60° and the greatest change in dismeter was 4.3 percent
of the design diameter. All propeller characteristics are based on the
actual propeller dlamester which was msesured for each blade angle.

Tunnel-wall correction.— The force-~test data have been corrected
for the effect of tunnel—wall constraint on velocity at the propeller
tegt plane using the method described 1n reference l. The resulbts are
presented 1n flgure 5 as the ratlo of free—eair veloclty to the tunnel—
datum veloclity as a function of thrust disk—loading coefficien'b and the
tummel—~datum Mach number.,

Accuracy of results.— Anslysls of the accuracy of the .separate

measurements requlred o define completely the propeller characterlstics
hag indicated that errors in the results presented herein are probably
less than 1 percent.

RESULTS AND DISCUSSION

The basic propeller characteristics sre presented in figures 6 and 7.
For each value of tunnel—datum Mach number M +the propeller thrust and
power coefficlents and efflclency are plotted against advance ratilo.
The verletion of tip Mach number with edvance ratio 1s also included.
As used in this report, the tunnel-dabtum Mach number M 1s not corrected
for tunmnel~wall constreint. However, the free-eir Mach nurber can be
obtalned by epplying the tunnel-wsll correctlons, presented in figure 5,
to the tunnel-detum Mach number. At the hlgh Mach numbers the tunnel—
well correctlon ls gemerally less than 1 percent but, In the exact use
of the baslc propeller characteristics presented in figures 6 and T
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wherever small changee in Mach number produce large changes in propeller
cheracteristics, the tummel—datum Mach number should be corrected to
free—air Mach number.

Effect of forwerd Mach number and blade aweep on meximm efflcisncy.—

The variation of meximm efflclency with forward Mach mumber is presented

in figure 8 for all the blade angles investigeted. Similar results,
reference 3, for the NACA L—(})(06)-Ok straight propeller are shown for
comparigon. Dlfferences In maxlmm efficiency for swept propellers A .
end B were in general insignificant and within the experimental accuracy. S
Generally the efficiencles for propellers A and B are 1 to 2 percent

lower than for the straight propeller ab subcrltilical forward Mach numbers.

At supercriticel forward.Mach mumbers, sweep increasées the efficiency and
reduces the rate of efficiency loss with forward Mach number. For the

design blade angle of 60° and a forward Mach number of 0.85, the effi—

clencles for the swept propellers were 10 percent higher than those for

the unswept propellier.

Sweep produced only moderste gesins in the critical forward Mach
mmber, approximstely 8 percent. For the propellers of thls investi—
gatlon, the use of sweep Increases the effective values of sectlon thick—
ness ratio and design camber, that is, normal to the sweep line by a
factor of 1/cos A. Consequently, the critical section Mach number
(normel to sweep line) is reduced. A comparison of these factors for
the swept and unswept blades ls presented In figure 9. For most of the :
blade sectlons oubtboard of the knee, the sectlen critical Mach mumber '
for the swept blade is ebout 8 percent lower then for the umswept blade. .
- The increase, therefore, in the critical forward Mach number predicted .
by the use of simple infinite—span sweep theory for a sweep of L5° would S
be epproximately 30 percent. The measured increage in critical forward
Mach number was found to be only 25 percent of thls theoretical value.
This difference is probably due to the lack of sweep at the knee and

the severe separetion of the boundaery layer on the outbosrd sectlons.

The separation of the boundary layer ls assoclated wlth an outflow
of the boundary—layer air. An effort was made to reduce this separation
" by retarding the oubtflow with several fence conflgurabions attached ’
.chordwise to the rearwerd part of the upper surfaces of the blades from

the 0.55-radius to the 0.T70—radlius station. The fences did not chenge
the propeller characteristics at supercritical speeds. No other device i
or change in design has yet been proposed which might logically lead to
significant improvement In the characterilstics of the highly swept

propeller. _ ' ] '

The swept propeller, with 1ts severe mechanicel and structural '
problems, does not appear to be a practlcael method for improving pro— )
peller performance since the same moderate geins in performance can be
obtained for unsweprt propellers having smelli-thickness~ratlio blade sections.



8 - NACA RM ISIO5

Effect of advance ratlio and forward Mach number on meximum efficlency.—

The varistion of meximum efficiency with advance ratlo for the forward
Mach numbers at which the propellers were Iinvestigated is shown in

figure 10. Swept propellers A and B have essentially the same maximm
efficiency for & gilven advance ratic and forward Mach number; conseguently
only the resulits for swept propeller A ere presented in this flgure. The
dashed lines Ffor forward Mach numbers of 0.85 and 0.90 represent the
highest efficlencies measured for the swept propeller A and are not neces—
garily meximum efficiencles. Similer results for the stralght propeller,
reference 3, for forward Mach mumbers of 0.80, 0.85, and 0.90 are shown
for comperison. The trends 1n efficlency cha.nges wlth advance ratio. are
similar for ‘these propellers up to and including a forwerd Mach number

of 0.85, except thet the efficiencles for the swept propellers ere higher
than those for the stralght propeller at supercriticel forward Mach
nunmbers. It was found that for forwerd Mach numbers above 0.80 1t was
necessary to operate the stralght propeller at reduced values of advance
ratio to obtain the highest efficlencies. No simllar operational require—
ment ls indlcated for the swept propellers. The highest efficlencies

for the swept propellers were obtalned at the higher values of advance
ratio for the speed range investigated.

Effect of forweard Mach number on efflclency for constant power
coefficient.~ The veriatlon of efficlency wlth advance ratio for constant
velues of power coefflclent and forward Mach number 1s shown in figure 1l
for the swept and stralght propellers. In general, the results indicate
that the highest effliciency for a given power coefficient is essentially
“the seme for swept propellers A and B throughout the Mach number range.
At forward Mach numbers ebove 0.7 and for constant values of power coef—
filcient the highest efficiencles for the swept propellers are fram 7
to 16 percent higher than those for the straight propeller.

CONCLUSIONS

Investigations of the NACA L—(k4)(06)-057-45A and NACA L—(L)(06)-057-45B
swopt propellers and comparison of results wlth those for the NACA
4—(}4) (06)~04 straight propeller through a forward Mach number ra.nge
extending up to 0.925 indicate the followlng conclusilons:

l. Only moderate deleys 1n adverse compressibility effects were
obtained through the use of large amounts of sweep. The measured delsy
was only about 25 percent of the velue predicted by the use of the simple
infinite—span sweep theory.

2. The smell dlfferences in pltch dlstribution for the swept pro—
pellers had little effect on maximum efficiency performasnce through the
forward Mach number range.



NACA RM IOIO5 - o _. . 9

3, The swept propellers were 10 percent more efficlent than the
straight propeller at & forwerd Mech number of 0.85 for the design blade
angle of 609, : 3

4, At the highest forwaerd Mach mumbers reached in this investigatior
the highest efficiencles occurred et high values of advance ratio for
the swept propellers and at low values of advance ratlo for the straight
propeller.

Langley Aerocnaubtlical Laborabory
National Advisory Camnittee for Aeronautics
Langley Air Force Base, Va.
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(a) NACA L4—(4)(06)-O4 and L4—(4)(06)~05T7-45A propeliers.

Figure 2.— Propeller blades used 1ln sweep investigation.
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NACA L—(L4) (06)—057-45A propeller.

Flgure 2.— Concluded.
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Figure 4.~ Illustration of blade—sectlion orlentation and definitlon of
gectlon sweep angle. IX~X, Y-Y, and Z-Z are orthogonal axes.
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